The bifunctional active site of S-adenosylmethionine synthetase. Roles of the basic residues.
S-adenosylmethionine (AdoMet) synthetase catalyzes a unique two-step enzymatic reaction leading to formation of the primary biological alkylating agent. The crystal structure of Escherichia coli AdoMet synthetase shows that the active site, which lies between two subunits, contains four lysines and one histidine as basic residues. In order to test the proposed charge and hydrogen bonding roles in catalytic function, each lysine has been changed to an uncharged methionine or alanine, and the histidine has been altered to asparagine. The resultant enzyme variants are all tetramers like the wild type enzyme; however, circular dichroism spectra show reductions in helix content for the K245*M and K269M mutants. (The asterisk denotes that the residue is in the second subunit.) Four mutants have k(cat) reductions of approximately 10(3)-10(4)-fold in AdoMet synthesis; however, the k(cat) of K165*M variant is only reduced 2-fold. In each mutant, there is a smaller catalytic impairment in the partial reaction of tripolyphosphate hydrolysis. The K165*A enzyme has a 100-fold greater k(cat) for tripolyphosphate hydrolysis than the wild type enzyme, but this mutant is not activated by AdoMet in contrast to the wild type enzyme. The properties of these mutants require reassessment of the catalytic roles of these residues.